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The eye lesions developing in animals or human beings as the result of certain types of dietary deficiency have been variously named, keratomalacia, xerophthalmia, and xerosis corne~e. As these names suggest, emphasis has been placed on the corneal changes, and by the majority of investigators the lesion has been assumed to have its origin in the cornea. In harmony with this conception, numerous efforts have been made to demonstrate a preiniiammatory degenerative change in this structure. In general, these efforts have proved unsuccessful, although recently Mori I has described an initial keratinization, which he attributes to a drying of the eye from insufficient lacrimation.
Clinical observations, particularly at the onset of the condition, led us to question the primary importance of the corneal injury. It was noted, for example, as has been pointed out in a previous paper by one of us, ~ that with the earliest manifestations of the condition in rats--slight photophobia, lacrimation, and reddening of the conjunct i v e -t h e corneal surface is perfectly smooth with no opacity, or other macroscopic change. After a varying period, the time depending apparently on several factors, including the character of diet, a clouding of the cornea occurs with the formation of the characteristic corneal plaques. These plaques have been generally regarded as evidence of complete corneal destruction with consequent ulcer formation. Careful observations, however, have indicated, upon the removal of the plaques, that the epithelium is not entirely lost, and that ulceration of the cornea is a still later phenomenon.
With the object of determining the character and site of origin of the initial lesion, and the sequence of changes leading up to the condition of keratomalacia, a careful histological study was made of the eye and the adjacent structures, including the lids and paraocular glands. These studies, we believe, throw some light on the pathogenesis of the process, and indicate that the common conception of the eye condition as primarily a lesion of the cornea is incorrect.
Method.
Young white rats, from 3 to 4 weeks old and weighing from 45 to 50 gm., were placed on a diet deficient in vitamine A. On this diet, eye symptoms developed after varying periods , but generally after from 30 to 60 days. In order to investigate the ocular lesions at different stages of development, the animals were divided into several groups and sacrificed as follows: (1) immediately upon the appearance of symptoms; and (2) after well marked changes had developed. A series of normal rats was killed as controls. The first series of animals studied was killed by chloroform. In a second series, a guillotine was used in order to eliminate the possibility of changes in the paraocular glands from excessive secretion during anesthesia. The entire head was placed immediately in Zenker's fluid or formaldehyde. After fixation, the orbital structures were dissected out. The eyelids, with a margin of skin, were left attached to the eye and the whole was embedded in paraffin, the lens in each case being first removed through a small opening in the posterior portion of the eyeball The animals studied were divided clinically into three groups early, moderately advanced, and advanced, the division being based on the apparent stage of development of the eye condition. While there is obviously no sharp demarcation between the three stages, a brief statement of the symptomatology and gross eye changes will make clear the basis of division.
Symptoms of Eye Involvement.
Usually the first sign of ocular complication is increased lacrimation with moderate photophobia. Shortly afterwards the normally prominent protruding eye tends to recede in its socket, and the photophobia increases. The animal assumes a sleepy appearance. The lacrimation increases but the fluid, at first watery, becomes viscid. The animal rubs the eyes with its front paws, and there is soon a definite edema of the lids. The conjunctival secretion becomes serosanguineous after a few days. The lid hairs fall out and the lids become matted together with dried secretion. In the early stage the cornea shows no visible change, except for marked congestion about its junction with the palpebral conjunctivae. (There is no visible sclera in the albino eye.) With the progress of the eye disturbance, the cornea shows haziness, particularly about the periphery. The normal corneal reflex disappears. Small yellowish plaques, beginning laterally, spread over its surface and the cornea becomes dry, lusterless, and oily, losing its normal transparency. The plaques can be easily removed. If a solution of fluorescein is introduced after their removal, the drops roll over the surface, leaving it entirely unstained, indicating an absence of ulceration. Examination with a corneal loupe also shows that the surface is intact. If the animal does not succumb, and the lesion progresses, the ulceration of the cornea may take place. The final stage, as has been pointed out in a previous ~ paper, is the picture of keratomalacia, as described by other investigators.
Early Lesions.
Rats killed promptly upon the appearance of the first symptoms of eye disturbance, or within 2 or 3 days thereafter, show practically the same ocular changes histologically. These changes can be most easily described by recording the findings in two typical cases.
No. 484.--A young male rat, weighing 40 gin., was placed on the deficient diet on November 10, 1922. There was a steady gain in weight up to the 39th day of the experiment. On the 38th day, slight lacrimation was noted, with photophobia. On the 40th day, there was a free hemorrhagic secretion from both eyes; on the 41st day, the eyes were almost closed. The rat was killed on the 42nd day; that is, 4 days after the appearance of eye symptoms.
Miscroscopic Exaraination.--The two eyes show practically the same degree of involvement. In the left eye, there are small focal inflammatory lesions in the nictitating membrane. These consist of an infiltration of the epithelial layer by polynuclear and mononuclear leucocytes, with degenerative changes in the epithelium. Similar lesions are present in the angle of the eye. Both cornea~ appear normal. The character of the lesions is well shown in Figs. 1 to 6 .
No. 427.--A male rat, 23 days old, weighing 40 gm., was placed on the deficient diet and was killed after 33 days, immediately upon the appearance of signs of eye involvement. It was noticed that the right eye was sunken and that there was a slight hemorrhagic secretion from the same eye. The left eye appeared normal. The animal grew steadily, weighing, when killed, 98 gm.
Microscopic Examination.
--The right eye shows an early inflammatory reaction of the conjnnctiv~e lining both lids. The reaction is most marked in the palpebral fold (Fig. 6 ). There is keratinization of the superficial layers of the epithelium in the affected areas with an accumulation in the conjunctival sac of keratin shreds, polymorphonuclear leucocytes, red blood cells, and cellular debris. In the ciliary area, there are proliferation of the capillaries and beginning cellular infiltration extending towards the cornea. The cornea itself, however, appears unaltered, except for a slight proliferation of the epidermal cells just opposite the lid lesion. There is neither edema nor multiplication of corneal corpuscles. The left eye presents an almost identical picture. The reaction in the ciliary region is perhaps slightly less advanced.
Both these cases show, in brief, early focal inflammatory lesions in the lid, without recognizable corneal involvement. Only slight deviations from this picture were found in other animals killed at the same stage. In respect to the location of the lesion, however, some variation was observed. The site of election is in the lid, near the palpebral fold. In some instances, loci were seen on the nictitating membrane. Sections through the eye and lids, at different levels, indicate that several foci may be present. Both the upper and lower lids are frequently simultaneously involved; that is, the changes appear equally advanced.
Advanced Changes.
We have classed as moderately advanced the cases in which a beginning corneal involvement is seen, and as advanced those in which a widespread involvement of this structure is found. There is, however, no sharp line of division between the two groups, since one passes over into the other. Detailed descriptions of these advanced changes are unnecessary, inasmuch as the lesions at this stage have been described in detail by several previous investigators.
The proliferation of the epithelium, with slight keratosis at points just opposite the early lid lesions, appears to be the first change in the cornea (Fig. 1) . A lateral ingrowth of the blood vessels from the sclera immediately follows, and in fulminating cases, only a few days elapse before the cornea is markedly edematous, permeated with budding capillaries and proliferating corneal corpuscles, and infiltrated by wandering cells, chiefly of the polymorphonuclear type. In more slowly developing lesions, or in cases of long standing, mononuclear cells may predominate. Marked thickening of the epidermal layer with keratinization and a shelling off of the keratinized epidermis is regularly seen, A feature of the advanced lesion, however, which should be emphasized, is the remarkable vitality of the corneal conjunctiva. The corneal epithelium, as careful clinical observations have indicated, remains intact throughout the early stage, and even with a diffuse inflammatory reaction of the corneal substance, the anterior epithelium may be preserved, as shown in Fig. 7 . Occasionally, ulceration develops rapidly, and in the majority of cases, ulcers will appear sooner or later. But in any case, the necrotizing process represents a terminal stage. It is noteworthy that an accumulation of pus may be found in the anterior and posterior chambers, while the corneal conjunctiva is still intact (Fig. 7) .
The lid changes in the advanced cases show no such development as those in the cornea. While the focal lesions observed early tend to spread, with sometimes an involvement of the greater part of the palpebral conjunctiva (Fig. 2) , there is generally no extension of the infection to the deeper tissues of the lid, and complete sloughing of the epithelium is exceptional. The Meibomian ducts are often conspicuously large (Fig. 6 ), but it is not certain whether there is a pathological dilatation, since in control animals, similar pictures were occasionally noted. Edema of the lids, noted clinically, is manifest in the microscopic sections. Occasionally an infection of the skin, similar to that in the conjunctiva, is also observed. Hemorrhage into the hair follicle is a common and striking feature. Normally large lymphatic channels are seen within the fibromuscular ring which supports the hair. With the scratching of the eye, these channels are torn and capillaries are ruptured, with a resulting hemorrhage. Changes in the paraocular glands in advanced cases are described in a separate paper2
The following protocols of two animals showing advanced lesions illustrate very well the changes just described.
No. 377.--A white rat, 28 days old, weighing 50 gin., was placed on the deficient diet. The animal gained in weight until the 45th day of the experiment, when a decline began. The weight then was 71 gm. Symptoms of eye involvement were first noted on the 38th day. There was photophobla, with slight lacrimation, followed within 2 days by a marked injection of the conjunctiva. On the 41st day, the discharge was sanguinous. On the 42nd day, the lids were swollen, with loss of lid hairs. 5 days later, the eyes were completely closed, and on the 52nd day, 14 days after the appearance of eye signs, a plaque was noted on the right cornea. The rat was killed by guillotining, and the head placed immediately in Zenker's fluid.
Microscopic Examination.--Widespread inflammatory reaction is seen in both eyes, involving the entire conjunctivae and cornea. Both corne~e show a diffuse reaction with numerous blood vessels extending throughout and everywhere an active proliferation of corneal corpuscles. The tissue is diffusely infiltrated with polynuclear and mononuclear cells. The corneal epithelium is thickened with superficial cornification but the layer is everywhere intact.
No. 398.--A rat 28 days old, weighing 50 gm., was placed on the experimental diet October 30, 1922. It began to lose weight on the 22nd day; the weight was then 60 gm. On the 34th day, photophobia was noticed, and on the 35th day, there was a slight hemorrhagic discharge. The next day, the conjunctiva~ of the right eye were reddened and the left closed with exudate. On the 42nd day, the hemorrhagic discharge was quite marked, and the lids showed a tendency to stick together. A plaque was noted on the left cornea. The animal was killed and the ocular tissues were fixed for microscopic study.
Microscopic Examination.--An advanced ophthalmia of both eyes with widespread involvement of the cornem is found. Focal lesions are seen in the lids and nictitating membrane, but in most places, the lesions have become confluent. The plaque noted grossly is made up of necrotic epithelium and exudate. The entire cornea is extremely edematous and infiltrated by blood vessels and numerous wandering cells. On the right side, the anterior chamber is filled with pus.
DISCUSSION.
These studies show clearly the sequence of the changes in the eye resulting from a defidency of vitamine A. The initial lesion is seen in the conjunctiva of the lid. There are generally in both lids multiple foci which tend to coalesce rapidly. As in certain other types of conjunctival infection, a secondary involvement of the cornea quite regularly occurs. The nature of the conjuncfival reaction is, as previous investigators have pointed out, essentially that of a bacterial infection. Our studies have not thrown any light on the question as to what determines the initiation of the infection. We have not been able to confirm the observations of Mori 1 that a drying of the eye, with a cornification of the epithelium, antedates the reaction. indeed, the fact that, in the early stages of the condition, lacrimation is a striking feature cannot be harmonized with Mori's hypothesis. On the other hand, it is possible, as we have suggested in a previous communication, 4 that some of the later phenomena may be due to deficient lacrimal secretion, and consequent drying of the conjuncfiva. The fact that as a general rule both eyes are simultaneously involved and that progress in both proceeds at about the same pace is suggestive of a systemic disturbance. This may be conceivably of the nature of a deficient production of antibodies. The recent studies of Smith and Wason 5 lend support to this view. They have shown that, in deficiently fed animals, the bactericidal titer of the serum is distinctly lowered, and thereis a less marked reduction in the bacteriotropic activity of the serum. It is also conceivable that there may be protective substances in the secretion of the paraocular glands which diminish as a result of the insufficient diet. In a later paper, changes in one of the paraocular glands will be described which indicate a serious disturbance in its secretion. 8
SUMMARy.
The earliest lesions in ophthalmia of rats resulting from a deficiency of vitamine A consist in focal inflammatory lesions in the conjunctiva~ of the lids and nictitating membrane. The involvement of the cornea, which constitutes the most conspicuous feature of the well developed ophthalmia, is a secondary phenomenon. The characteristic corneal plaque consists of keratinized epithelium beneath which th~ deeper layers of epithelium are generally found intact. I. M., J. Immunol., 1923, viii (in press ).
OCULAR LESIONS leR.OM DEFICIENCY OF VITAMTN'E A
Pathologically, the ocular manifestations of a deficiency of vitamine A are referable to a low grade inflammatory process, originating in the palpebral eonjunctiva and spreading to the cornea.
The rapidity of development and the degree of destruction probably depend in large part on the type of bacterial infection. The specific changes which lead to the establishment of such an infection have not been determined. It is conceivable that they may be either physiological or anatomical. There is some evidence in favor of a general disturbance of antibody formation in animals on deficient diets. The possibility of a disturbed function in the paraocular glands must be considered. 
